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other bodily systems. Uses include nuclear magnetic resonance imaging and therapeutic dmg delivery. 
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Description 

FIELD OF INVENTION 

5 This invention relates to active ingredient delivery vehicle conposittons which incorporate an outer biocompatible 
encapsulating layer, an inner amphiphilic active ingredient-associated layer and an encapsulated niateriaf constituting 
an active ingredient Also provided is a method for the production of such compositions. These conpositions are suita- 
ble for solubilizing aqueous - insoluble or aqueous - soluble active ingredients into solvents of interest and in particular 
for solubilizing active ingredients for iQ yjyg delivery to bodily tissue or other bodily systenr»s. Specific targeting or deliv- 

10 ery of this composition to particular tissues, organs or cells is achieved, as well as ©(tended circulation and serum sta- 
bility. Active ingredients suitable for use herein include SLperparamagnetic and ferromagnetic materials such as 
magnetite for, 6.g.. nuclear magnetic resonance imaging, halogenated compounds for e.g., x-ray contrast imaging, 
radioisotopic compounds for radiographic purposes, other diagnostic agents, and therapeutic agents, including pro- 
teins, enzymes, antineoplastics, antifungals, etc 

15 

BACKGROUND 

Phospholipid micellar particles in the form of unilamellar or multilamellar vesicles, also known as liposomes, have 
been used in a number of contexts as vehicles for the solubilization and delivery of active ingredient materials. Lipo- 

20 somes have proven in some cases to be highly advantageous in in yivQ delivery systems in terms of biological compat- 
ibility, ability to isolate and solubilize othenwise insoluble and/or toxic active ingredients and ability selectively to deliver 
active ingredients to specific tissues or systenns of interest. 

Efforts have been made to soliiJilize ferromagnetic nnateriais in Irciuid carriers in order to achieve ferromagnetic flu- 
ids since at least the early 1960's. One such example is that of magnetite, a ferromagnetic material of formula Fe^O^ 

25 often formed by precipitation from alkaline solution of iron (II) and iron (111) chlorides. Examples of such precipitation 
methods include those described in Mann et al.. J.C.S. Chem . Comm. 1979. pp. 1067-1068, Khalafella et al., IEEE 
Trans. Magnetics. Vol. MAG-16, No. 2, pp. 178 - 183 (March 1980) and Molday et al., J. Immunological Methods. Vol. 
52. pp. 353-367 (1982), The ability of magnetite to act as a relaxation enhancer in nuclear magnetic resonance has 
been recognized in the literature. See Ohgushi et al.. J. Maqn. Res.. Vol. 29, pp 599-601 (1978). 

30 A nunt>er of successful techniques for solubilizing magnetite have been developed, but none prior to the present 
invention has been dennonstrated as being suitable for in viyg use as a delivery vehicle for magnetite having extended 
circulation time, serum stability and biocort^tibility. For example, particulate magnetite, whether uncoated or with coat- 
ings known in the prior art is typically removed from the btood within a very short time, usually in less than one hour 
and in many cases within five minutes. Moreover, lack of proper solubilization of such partides may lead to aggregation 

35 in the body and resultant deleterious effects. 

Solubilization of magnetite in non-aqueous solution fias been achieved by bail-milling the material in the presence 
of a surfactant such as oleic acid, by peptization into the desired solvent with a surfactant, and by related methods. In 
this regard, see Charles et al., IEEE Trans. Magnetics . Vol. MAG - 16, No. 2. pp. 172-177 (March 1980), Khalafalta et 
al., U.S. Patent No. 3.764,540 (1973), and Reimers etal., U.S. Patent No. 3.843,540 (1974). Characteristic of such non- 
40 aqueous, non-polar solvent suspensions of nnagnetile are vehicles comprising a monolayer coating of surfactant with 
the polar head thereof associated with the ferrite surlace and the lipophilic hydrocaftx}n tail thereof exposed outwardly 
to achieve compatibility with the non - polar carrier solvent. Such compositions are not suitable for solubilization in the 
aqueous environment of the txxly. 

Aqueous or polar solvent suspensfons of magnetite have also been achieved. Monolayer surfactant coats of 

45 dodecylamine or dodecanoic acid on magnetite have been shown to yield dispersions of the ferronnagnetic material , tiie 
latter surfactant giving a dilution-stat)le dispersion. Khalafalla et al.. IEEE Trans. Magnetics . Vol. MAG- 16. No. 2, pp. 
1 78-183 (March 1 980). Aqueous fenroftuids using petroleum sulfonates as dispersing agents have been described. Ket- 
tey, U.S. Patent No. 4,019,994 (1977). The sti-ucture of such monolsyer surfactant-coated particles is similar to that of 
the non-aqueous solubilized magnetite particles discussed above, with prevention of aggregation but retention of water 

so solubility being achieved by virtue of shorter (less hydrophobic) hydrocarbon tails exposed to the solvent phase. 

Stable aqueous suspensions of magnetite particles have also been achieved using ionic and non - ionic surfactants 
to prcx:luce a surface double layer. Such stixictures involve an inner layer of amphiphilic molecules coated on tiie mag- 
netite particle as in the monolayer case, and an outer surfactant layer oriented with lipophilic tails disposed inwardly and 
hydrophilic heads exposed outwardly to the aqueous/polar solvent. The inner layer frequentiy is composed of oleic acid. 

55 Materials used as outer surfactants include fatty acids and their salts, long chain ethers or esters, and alkylaromatics 
such as alkylaryl pdyetiiers. Examples of such bilayer compositions are given in Shimoiizaka. Japanese Patent Na 51 - 
44580 (1976) and Sambucetti, IEEE Trans. Magnetics. Vol. MAQ-16, No. 2. ffla. 364-367 (March 1980). The outer layer 
surfactants which have thus far been shown to be useful in solubilizing magnetite particles are not. however. suitat)le 
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^ in vivQ use inasmuch as they are thermelves toxic and are, moreover, rapidly broken down in the btood environment 
potentially to allow harmful aggegation of the encapsulated materials. 

Afternate means for ptfeparing magnetite for in ywQ administration include attachment of the particles to micrometer 
- sized carbohydrate matrices (Olsson et al., Proc. Soc. Magn. Res. Med., p.889 (4th Ann. Mtg, Aug. 1985) and Olsson 

6 et al., Maon. Res. Imaging . Vol. 4. No. 2, pp. 142-143 (1986)) and coating of magnetite with the mucopolysaccharide 
chitosan (Yen et al., U.S. Patent Na 4,285.819 (1981)). It is believed that such compositions, although possibly stable 
in serum, would quickly be renrK>ved from circulation by the reticuloendothelial system. Magnetically localizabte polym- 
erized liposomes containing pharmaceuticals and a fen-rte material have been described in Chang, US-A-4 652 257. in 
addition, the encapsulation of magnetite within the enclosed volume of a single bilayer phosphatidylcholine vesicle and 

10 a proposal for use in nuclear magnetic resonance spectroscopy is disclosed in Mann et al. , J.C.S. Chem. Comm. 1979 . 
pp. 1 067-1068 (1 979). The utility and safety of such a vesicle, in this regard is not demonstrated. Furthermore, the com- 
position described would have limited in vivo stability, making it undesirable as an imaging agent. In contrast, the deliv- 
ery vehicles of the present invention have high stability in serum at 37^ C. are capable of extended circulation time, and 
are biocompaiibfe. 

15 The problems Inherent in achieving a solubilized form of magnetite suitable for in vivo use are often applicable to 
other active ingredients. In particular, such ingredients may be particulate, aqueous - insoluble or toxic in nature, or it 
may be useful or necessary to deliver them to specific bodily sites. Furthermore, prior art delivery vehicles frequently 
do not have sufficient serum-stabiltty to achieve optimal results in a safe manner. 

EP-A-0 198 765 discloses liposomes which encapsulate a drug or other therapeutic agent that has been associ- 

20 ated with a Itpophitic chelating agent. The structures described in this reference are all conventional liposomal struc- 
tures having a bilayer which encapsulates an aqueous Inner phase. EP-A-0 186 616 describes similar conventional 
liposomal structures. 

Accordingly, the present invention addresses the need to develop improved conpositions and methods capable of 
safely and specifically delivering active Ingredients, such as therapeutic agents or diagnostic agents, including magnetic 
25 or other imaging agents, to the body In annunts effective to achieve beneficial results. 

SUMMARY OF THE INVENTION 

The present invention provides a delivery vehicle for an active ingredient, said delivery vehide having a size from 
30 20 nm to 100 nm in diameter and comprising a lipid material enclosing an amphiphile-associated substrate in the 
essential absence of a solution-phase inner volume, which includes: 

an active ingredient phase. 

an amphiphilic materia) capable of associating with said active ingredient and having a polar hydrophilic portion and 
35 a lipophilic portbn, said polar hydrophilic portfon of said amphlphltic material being associated with said active 
ingredient r^ase to form the said amphiphile-associated substrate: and 

a single, biocompatible encapsulating monolayer surrounding the amphiphile-associate substrate, comprising mol- 
ecules having lipophilic tails associated with the lipophilic portion of the amphiphile-associated substrate. 

40 The present Invention relates to bfologically compatible compositions capable of delivering soluble or insoluble 
active ingredients within living systems. The delivery vehicle includes an active ingredient and a first layer comprising 
an amphiphilic material capable of encapsulating or associating with the solid active ingredient through association of 
the polar head of the amphiphile mol6Cule(s) with the active ingredient. A second, outer layer conprises a material, 
such as. for example, a phospholipid, capable of encapsulating or associating with the anphiphile-coated structure in 

45 a manner which renders the delivery vehicle as a whole biocompatibfa An appropriate Tsiocompatibl e" delivery vehicle 
will be non-toxic and non - imnujnogenic to the recipient, both as an intact composition and as breakdown products, if 
any. Thus, the encapsulating outer layer in the Intact composition must present a biocompatible "surface" to the recipi- 
ent, and is preferably composed of a material which woukJ itself be biocompatible if the delivery vehicle were broken 
down in the body In the case of a phospholipid outer layer, the lipophilic tails of the phosphoglyceride associated with 

50 the lipophilic portion(s) of the amphiphile. thus stalMlizing the anphiphile-active ingredient structure within a phosphol- 
ipid layer The exposed polar heads of the phosphogtycerides allow solubilization of the composition in the in vivo envi- 
ronment. Such a composition is biologically compatible by virtue of the phosphoglyceride nature of the exposed 
surface, and is nxsreover highly stable in serum and capable of extended circulation in the body 

Active ingredients suitable for use in the composlttons of the present inventfon are characterized in that they are 

55 capable of being effectively encapsulated as an aggregate by the amphiphilic layer, or associated on a molecular level 
with one or more amphiphile molecules. Microcrystalline structures, such as that of magnetite, are suitable active ingre- 
dients, as are radionuclides, x-ray contrast imaging and the like. Therapeutic drug agents, such as the antifungal drugs 
arrphoteridn B and miconazole and the chemotherapeutic drugs bisanthrene and cisplatin may also be successfully 
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encapsulated or assoctated with anphrphiles. The active ingredient phase may range in size from individual nx)lecutes 
to aggregates or particles 60 nm or more in diameter, tn the case of individual molecules of active ingredient, each nfiol- 
ecule may be associated with as few as one amphiphilic molecule. 

The anrphtphiie material will be characterized in that it will be capable of being encapsulated by the outer biocom- 
5 patible material layer. The particular amphiphile type most useful in a given formulation will depend on the nature of the 
active ingredient and the surrounding biocon^tibie material. Saturated or unsaturated fatty acids having from 10 to 28 
cartx>ns in the hydrophobic chain are particularly useful, with myristic acid (fourteen carbon chain length) being espe- 
cially preferred in the case of the active ingredient magnetite. Oialkoy^hosphatidic acids are also useful anphiphiles. 
Both palmitic acid and dtstearoyi phosphatidic acid have been shown to be effective anphiphiles in the case of the 
w active ingredient amphotericin B. 

Where a phosphotipid-encapsulated delivery vehicle is used, targeting of specific organs, tissues, ceils or other 
systems in the body may be achieved in a manner similar to that seen with liposomes previously known in the art. Thus, 
specific cells such as tumor cells, or specific organs such as the liver or spleen, may be selectively targeted for delivery 
of spectrometries radiometric, medicinal or other agents. Moreover, due to the effective isolation of the active ingredient 
15 which may be achieved by virtue of the encapsulating anphiphilic and phospholipid layers, any toxicity of the active 
ingredient may be reduced and/or targeted to specific sites in the body The delivery vehicle exhibits extended circula- 
tion time and stability in serum at 37" C. 

Accordingly, the present invention in one aspect provides novel and useful conpositions capable of safely deliver- 
ing active ingredients to the human or other mammalian bodies in amounts effective to achieve beneficial results. It 
20 should be recognized, however, that in ^yg acfrntnistration is not the only mode contemplated, and that the advantages 
inherent in the present invention, including enhanced solubilization of active ingredients, may be utilized in in vitro or 
other non-living systems or applications. 

In another aspect, the present invention provides conpositions for delivering magnetic, radiometric, x - ray contrast 
or other biological imaging agents to the body. In particular, the compositions are useful in delivering ferromagnetic 
25 agents such as magnetite for the purpose of nudear magnetic resonance imaging. 

In another aspect, the compositions provide means for delivering tha-apeutic agents in a safe manner and in effec- 
tive quantities. 

The present invention also provides methods for making the conrpositions disclosed herein. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an enlarged diagrammatic representation of a typical liposomal delivery vehicle of the prior art! 
FIG. 2 is an enlarged diagramatic representation of a delivery vehicle of the present invention, wherein an active 
ingredient phase is associated with anrpNphilic molecules and incorporated into the intra - bilayer region of an encap- 
35 sulating material. 

FIG. 3 is an enlarged diagrammatic representation of a delivery vehkile of the present invention, wherein single- 
molecular or small particulate phases of active ingredient are associated with single molecules of amphphilic material 
and incorporated into the intra-bilayer region of an encapsulating material. 

FIG. 4. is an enlarged diagrammatic representation of a delivery vehicle of the present invention, wherein an active 
40 ingredient phase is associated with anrphiphilic molecules and encapsulated within a monolayer of an encapsulating 
material. 

FIG. 5 is a graphical representation showing one correlation between active ingredient (magnetite) incorporation or 
NMR relaxation rate enhancement and amphiphile formulation concentration. 

FIG- 6 is a graphical representation showing the correlation between NMR relaxation rate enhancement and tncor- 
45 porated active ingredient (magnetite) concentration. 

FIG. 7 is a graphical representation showing the time dependence of NMR T2 relaxation rate enhancement in var- 
ious biodistribution systems. 

FIG. 8 is a graphical representation showing the time dependence of NMR Ti relaxation rate enhancement in var- 
ious biodistribution systems. 

so FIG. 9 is a graphk^l representation showing the dose dependence of NMR Tg relaxation rate enhancement in var- 
ious biodistribution systems. 

FIG. 10 is a graphical representation showing the dose dependence of NMR T^ relaxation rate enhancement in var- 
ious t)todistribution systems. 

FIG. 11 is a graphical representation showing one correlation between NMR relaxation rate enhancement and 
55 amphiphile chain length. 

FIG. 12 is a graphical representation showing the time dependence of fungal proliferation in the presence of an 
active ingredient (miconazole) delivery vehrcle of the present invention. 
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DETAILED DESCRIPTION 

The present invention provides compositions for the encapsulation and improved delivery in in ^ivQ systems of 
aqueous-soli^le or aqueous-insoluble active ingredients. The compositions exhibit the advantages associated with 

5 liposomal delivery vehicles or vesicles by virtue of their phospholipid outer coating, although the conpositions are not 
liposomal per se in structure. The delivery vehicles are capable of incorporating and delivering active ingredients of 
poor solubility, or which cause irritation when administered by conventional means, or which are to be delivered by an 
altered biodistribution scheme. 

Active ingredients susceptible to encapsulation within the delivery veNdes of the present Invention include a broad 
10 range of therapeutic and diagnostic agents. Appropriate therapeutic agents include analgesics, antibacterials, antibiot- 
ics, antifungal agents, anti -inflammatory agents, antineoplastics, antiparasitics, antiviral agents, cardiovascular prepa- 
rations, celt recepta binding molecules, neurotransmitters, ophthalmologicals, polysaccharides and proteins including 
enzymes, hormones, glycoproteins, immunomodutators. etc. Appropriate diagnostics-related active ingredients include 
those useful for angiography, CT scan imaging, rnjclear magnetic resonance imaging, radiography, X-ray contrast innag- 
15 ing, ultrasound, etc. Particular diagnostic active ingredients include superparamagnetic and fenromagnetic materials 
such as magnetite, halogenated compounds, radioisotopic compounds, fluorescent compounds and dyes. 

Referring to FIG. 1 . a typical unilamellar liposome vesicle has a pfwspholipid bilayer with an enclosed inner volume 
surrounded by the bilayer. Active ingredients may be Incorporated into and encapsulated within this inner volume, sur- 
rounded by what will be referred to herein as an "encapsulating layer,*" which in this case is a phospholipid bilayer. A 

20 polar solution rn this region is compatible with the stable liposome structure because of attractive interactions between 
the inner polar solvent and the inwardly - oriented polar portions of the phospholipid molecules of the inner liposomal 
layer. Alternatively, lipophilic active ingredients may be incorporated into and encapsulated within the hydrophobic intra- 
biiayer region of the liposome (that is, within the encapsulating layer). 

FIG. 2 depicts one form of the delivery vehicles of the present invention. In this form, an active ingredient is asso- 

25 dated with an encapsulating outer layer though incorporation into and encapsulation within the hydrophobic region 
within the membranal phospholiptd bilayer of a liposome. In order to acltieve a stable structure of this type, including an 
association between the active ingredient phase and the encapsulating layer of the delivery vehicle, it is essential that 
the active ingredient be conrpatible with this hydrophobic intrabilayer region of the encapsulating layer. The present 
invention achieves such compatiability by virtue of a layer, or other active ingredient group, of amphiphiltc molecules 

30 applied to the active ingredient in a manner which exposes the lipophilic portions of the anphiphilic molecules out- 
wardly to interact with the hydrophobic intra-bilayer region. Such a structure comprising an active ingredient particle and 
its associated amphiphilic molecules will be referred to herein as an "Anrphiphile- Associated Substrate," or "AAS". The 
active ingredient in such a magnetite AAS is associated with and stabilized within the intra-bttayer region by virtue of 
the intermolecular compatibility and attractive forces between the lipophilic tails of the phospholipid or other encapsu- 

35 lating molecules and the lipophilic portions of the amphiphilic molecules. This layer constitutes the outer encapsulating 
layer of the delivery vehicle, and it will comprise a material which renders the delivery vehicle as a whole biocompatible. 
The outer encapsulating layer of the delivery vehicle will comprise a material which renders the delivery vehicle as a 
whole biocompatible, i.e., having an acceptable level of non-toxicity and non-immunogenicity to the recipient. (Of 
course, the active ingredient may be selected so as to exhibit controlled toxicity, as, for exanrple. to targeted cancer 

40 cells.) Thus, the outer biooonpatible encapsulating layer must present a non-toxic and non-immunogenic "surface" to 
the recipient. Furthermore, if the delivery vehicle is broken down within the body, the components thereof should be 
non-toxic and non-immunogenic. It is therefore preferred that the encapsulating layer themselves be conriposed of a 
material which is bioconpatible upon breakdown in the body, if such occurs. 

It is believed that the size of the active ingredient phase or AAS as shown in FIG: 2 may vary significantly while still 

45 preserving a stable and effective delivery vehicle. Thus, in the case of the active ingredient nriagnetite. it has been 
shown tiiat the diameter of the microcryslalline magnetite particle or particles within the bilayer may be as much as two 
or more times greater than the tiiickness of a phospholipid bilayer not associated witii any incorporated solid active 
ingredient, as for example in the liposome of FIG. 1. Fa example, a liposome of a size useful for delivery of active ingre- 
dients to txxiily tissues or organs may have an overall diameter of approximately 35 nm to 100 nm. preferably 50 nm to 

so 80 nm, and a "^nominar phospholipid bilayer thickness of approximately 4 to 7 nm (as measured between opposing 
polar head groups in the membrane without any active ingredient enclosed therein). It has l>een found that a magnetite 
microcrystal having a mean diameter of approximately five to 20 nm, and nrwst probably arour^l 1 1 nm. may be asso- 
ciated with appropriate amphiphilic molecules to form an AAS having a diameter of about 15 nm and then encapsulated 
within tiie bilayer of a phospholipid vesicle witii a nominal bilayer tiiickness of only about 5 nm and an overall liposomal 

55 diameter of about 60 nm. It is probable tiiat the bilayer structure in such a case must be capable of significant distortion 
in order to accomodate active ingredients of such relatively large size. Nevertheless, it has been shown in freeze frac- 
ture and negative stain electron microscopy investigations relating to the present invention that such structures are pos- 
sifcde. Their effectiveness as delivery vehicles has also been denvmsti'ated. 
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Magnetite may be produced under a range of conditions by alkaline precipitation from ferrous and ferric chloride 
solutions. For exEimple. immediately following precipitation, the magnetite may be heated; the precipitate may also be 
allowed to settle in the presence or absence of a magnetic field. Depending on the method of magnetite preparation, 
maximizing final incorporation into delivery vehicles may require differing conditions. The maxinujm incorporation 

5 achievable may also be dependent on the magnetite preparation method. 

It is often useful to maximize the amount of active ingredient associated with a particular delivery vehicle in order 
to achieve appropriate levels of activity, including magnetic, radiographic or other imaging activity as well as drug ther- 
apeutic activity. Overall size of the delivery vehicle must also be taken into consideration, especially where targeting of 
delivery to particular regions or cells in the body is sought tt is believed that liposomal and other phospholipid-related 

w delivery agents described herein nr^y vary significantly in size while still yielding effective activity results. Delivery vehi- 
cles having a diameter of approximately 50 nm to 80 nm have proven to be particularly useful in the case of targeting 
specific cells such as tumor cells. Moreover, nuclear magnetic resonance imaging techniques using such delivery vehi- 
cles have proven useful where the active ingredient is particulate magnetite of approximately 1 1 nm or more in diameter 
as discussed above. 

IS It is important to recognize in this regard that the present invention can be practiced utilizing an intact liposomal 
vesicle with an effective amount of an active ingredient incorporated into the hydrophobic intrabilayer region of the lipo- 
somal membrane. Because the enclosed inner volume of the vesicle is intact in such a structure, the vesicle may 
enclose a second active ingredient, as for example an aqueous • soluble medicinal agent in solution form, in addition to 
the first lipid - bound active ingredient. Such a structure may be useful, for example, in magnetically targeting a thera- 

20 peutic or other agent to particular bodily regions, or in any application where it is appropriate to deliver simultaneously 
two a more active ingredients susceptible to encapsulation as described herein. 

In certain cases, where the active ingredient phase is relatively large in conparison to the nominal phospholipid 
bilayer thickness, it is thought that a single particul£tte aggregate of active ingredient may associate with a single deliv- 
ery vehicle. FIG. 2 illustrates a delivery vehicle of this type. Neverth^ess, it is fully contenplated that more than one 

25 aggregate of active ingredient may be coated with an amphiphilic material and incorporated into the intra-bilayer region 
while still preserving an intact liposomal structure. As the size of the individual active ingredient aggregate decreases, 
it becomes possible to incorporate more individual aggregates into the bilayer. Furthermore, where the active ingredient 
is very finely divided, or where it exists in the form of single unaggregated molecules, accadtngly less amphiphilic mate- 
rial will be required to associate with individual particles or molecules of active ingredient in order to achieve stabiliza- 

30 tion of each active ingredient unit or AAS in the hydrophobic intra-t»layer region. 

In the case of individual molecules of active ingredient, in fact, a monoaseociation between a single amphiphilic 
molecule and a single active ingredient molecule may suffice to stabilize the active ingredient within the bilayer. In such 
a case a large number of amphiphile-associated sut>strate particles may be incorporated into the bilayer. FIG. 3 depicts 
a strurture of thte type. It is thought that the delivery vehicles of the present invention incaporating the therapeutic anti- 

35 fungal agent amphotericin B may be formulated according to such a structure. 

It is apparent, however, that active ingredients including amphotericin B may be constituted in solution or othenwise 
in a variety of forms ranging from individual molecules to particulate aggregates, and each such form would be suscep- 
tible to association or coating with an amphiphilic material and. incorporation into a delivery vehicle as described herein. 
Thus, the particular structures described herein are given only by way of example to describe more fully the breadth of 

40 the present invention, and are not intended to limit the scope of the invention as claimed. 

The structures discussed above and illustrated in FIGS. 2 and 3 are analogous to small unilamdiar vesicles (SUVs) 
and have an overall diameter of 20-1 OOnm, 

The present invention also contemplates that the active ingredent may be incorporated into a phospholipid-coated 
structure as exenplified in FIG. 4. In this case, the amphiphile-coated active ingredient or AAS is not enclosed within 

45 the hydrophobic intra-bilayer region of a liposomes structure, but rather is surrounded with an encapsulating layer (in 
this case, a monolayer) of phospholipid nx)lecules oriented such that the hydrophobic tails of the phospholipid mole- 
cules are oriented inwardly and associated with the lipophilic portions of the amphiphile molecules. The polar 
hydrophitic heads of the phospholipid nuslecules are oriented outwardly so as to allow solubilization of the delivery vehi- 
cle in aqueous media. The phospholipid nature of the outer coating additionally provides twocompatibility in in vivo sys- 

so tems. as is true with the structures desaibed in FIGS. 1 through 3. 

The structure shown in FIG. 4 may be used to £KXX>nvnodate an active ingredient phase that is too large to be 
enclosed within the intra-bilayer region of a liposonrtal structure. It is apparent that a larger active ingredient phase will 
yield a higher concentration of active ingredient for a given number of delivery vehicles. 

Delivery vehicles of the type shown in FIG. 4 may range in size depending on the size of the active ingrediem 

55 phase, and have a size of from 20 nm to 100 nm in diameter 

An example of a structure of FIG. 4 is that of microcrystalline magnetite having, for example, particulate diameters 
of about 40 nm to 70 nm. Particles of this approximate size are known to be leeful in targeting certain tumor cells for 
nuclear magnetic resonance innaging or other applications. Examples of the use of magnetite in nuclear magnetic res- 
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DETAILED DESCRIPTION 

The present invention provides conipositions for the encapsulation and improved delivery in jn vivQ systems of 
aqueous-solidjle or aqueous-insotubte active ingredients. The compositions exhibit the advantages associated with 
5 liposomal delivery vehicles or vesicles by virtue of their phospholipid outer coating, although the compositions are not 
liposonial per se in structure. The delivery vehicles are capable of incorporating and delivering active ingredients of 
poor solubility, or which cause irritation when administered by conventional means^ or which are to be delivered by an 
altered biodistribution schenne. 

Active ingredents susceptible to encapsulation within the delivery vehicles of the present invention include a broad 
10 range of therapeutic and diagnostic agents. Appropriate therapeutic agents include analgesics, antibacteriats, antibiot- 
ics, antifungal agents, anti-inflammatory agents, antineoplastics, antiparasitics, antiviral agents, cardiovascular prepa- 
rations, cell receptor binding molecules, neurotransmitters, ophthalnwlogicals, polysaccharides and proteins including 
enzymes, hormones, glycoproteins, immunomodulators, etc. Appropriate diagnostics-related active ingredients include 
those useful for angiography, CT scan imaging, nuclear magnetic resonance imaging, radiography, X-ray contrast imag- 
15 ing, ultrasound, etc. Particular diagnostic active ingredients include superparamagnetic and ferromagnetic materials 
such as magnetite, halogenated compounds, radioisotopic compounds, fluorescent compourxts and dyes. 

Referring to FIG. 1 . a typical unilamellar liposome vesicle has a phospholipid bilayer with an enclosed inner volume 
surrounded by the bilayer. Active ingredients may be incorporated into and encapsulated within this inner volume, sur- 
rounded by what will be refen-ed to herein as an "encapsulating layer." which in this case is a phospholipid bilayer. A 
20 polar solution in this region is compatible with the statrfe liposome structure because of attractive interactions between 
the inner polar solvent and the inwardly - aiented polar portions of the phospholipid molecules of the inner liposomal 
layer. Alternatively, lipophilic active ingredients may be incorporated into and encapsulated within the hydrophobic intra- 
bilayer region of the liposome (that is, within the encapsulating layer). 

FIG. 2 depicts one form of the delivery vehicles of the present invention. In this form, an active ingredient is asse- 
ss ciated with an encapsulating outer layer though incorporation into and encapsulation within the hydrophobic region 
within the membranal phospholipid bilayer of a liposome. In order to achieve a stable structure of this type, including an 
association between the active ingredient phase and the encapsulating layer of the delivery vehicle, it is essential that 
the active ingredient be compatible with this hydrophobic intrabilayer region of the encapsulating layer. The present 
invention achieves such compatiability by virtue of a layer, or other active ingredient group, of annphiphilic molecules 
30 applied to the active ingredient in a manner which exposes the lipophilic portions of the amphiphilic molecules out- 
wardly to interact with the hydrophobic intra-bilayer region. Such a structure conrprising an active ingredient particle and 
its associated amphiphilic molecules will be referred to herein as an "Amphiphile-Assodated Sut)strate," or "AAS". The 
active ingredient in such a magnetite AAS is associated with and stab'lized within the intra-bilayer region by virtue of 
the internxitecular compatibility and attractive forces between the lipophilic tails of the phospholipid or other encapsu- 
35 lating nrx)lecules and the lipophilic portions of the amphiphilic molecules. This layer constitutes the outer encapsulating 
layer of the delivery vehicle, and it wiU comprise a material which renders the delivery vehicle as a whole biocompatible. 
The outer encapsulating layer of the delivery vehicle will conprise a material which renders the delivery vehicle as a 
whole biocompatible, i.e., having an acceptable level of non-toxicity and non-immunogenicity to the recipient. (Of 
course, the active ingredient may be selected so as to exhibit controlled toxicity, as, for exanple. to targeted cancer 
40 cells.) Thus, tiie outer biocompatible encapsulating layer nrujsl present a non-toxic and non-immunogenic "surface*' to 
the redpient. Furtiiernwre, if the delivery vehicle is broken down within the body, the components thereof should be 
non-toxic and non-immunogenic. It is therefore preferred that the encapsulating layer themselves be connposed of a 
material which is bioconpatible upon breakdown in the body, if such occurs. 

It is believed that the size of the active ingredient phase or AAS as shown in FIG: 2 may vary significantiy while still 
45 preserving a stable and effective delivery vehicle, TTius, in the case of the active ingredient magnetite, it has been 
shown that the diameter of the microcryslalline magnetite particle or particles within the bilayer may be as much as two 
or more times greater than the thickness of a phospholipid bilayer not associated with any incorporated solid active 
ingredient, as for example in the liposome of FIG. 1 . For exanple. a liposome of a size useful lor delivery of active ingre- 
dients to bodily tissues or organs may have an overall diameter of approximately 35 nm to 100 nm. preferably 50 nm to 
50 80 nm. and a "nominal" phospholipid bilayer thickness of approximately 4 to 7 nm (as measured between opposing 
polar head groups in the membrane without any active ingredient enclosed therein). It has been found that a magnetite 
microcrystal having a mean diameter of approximately five to 20 nm, and most probably around 1 1 nm, may be asso- 
ciated with appropriate amphiphilk; molecules to form an AAS having a diameter of about 15 nm and then encapsulated 
within the bilayer of a phospholipid vesicle with a nominal bilayer thickness of only about 5 nm and an overall liposomal 
55 diameter of about 60 nm. It is probaUe that the bilayer structure in such a case must be capable of significant distortion 
in order to acconxxJate active ingredients of such relatively large size. Nevertheless, it has been shown in freeze frac- 
ture and negative stain electron mfcroscopy investigations relating to the present invention that such structures are pos- 
sible. Their effectiveness as delivery vehicles has also been demonstrated. 
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onance imaging of tissue is described, for exanple, in PCT Patent Puialication Number WO-A-85/04330 (Jacobsen et 
at.). SainI et al., Maqn. Res. Imaging Vol. 4. No. 2, p. 144 (1986). Renshaw et a!.. Magn. Res. Med . Vol. 3. pp. 217-225 
(1986) and Dias et al.. Magn. Res. Med. Vol. 3. pp. 328-330 (1986). Appropriate dosages may be determined easily so 
as to optimize the imaging response, as discussed for example in Example 6 of this specification, and may be admin- 
istered using well-known techniques such as iv. or local injection or oral administration. The magnetite particles may be 
coated with an inner monolayer of amphiphilic molecules and an outer encapsulating monolayer of phospholipid mole- 
cules to yield a higNy concentrated aqueous-soluble form of magnetite that is simultaneously biocompatible and capa- 
ble of being targeted to particular bodily sites. 

Coating of the prepared active ingredient with an appropriate arrphiphile. or association between individual mole- 
cules of active ingredient and amphiphile. may generally be achieved by a variety of high shear methods including son- 
ication and homogenization. In the case of aqueous-insoluble active ingredients such as magnetite, W will normally be 
possible to achieve an aqueous dispersion or suspension of the material suitable for association with the amphiphile 
during sonication. The initial dispersion may itself be achieved with the aid of sonication. Phosphate-buffered saline 
(PBS) is an especially useful aqueous solvent where the delivery vehicles are intended for in mo. or other biologically- 
related use. and especially where the final coating with phospholipid or other material will be achieved in the same sol- 
vent batch as is used tor the amphiphile coating. Other buffered aqueous solvents, as well as solutions containing ingre- 
dients such as dextrose, may be used to achieve an acceptable dispersion of active ingredient Non-aqueous solvents, 
or mixtures of aqueous and non-aqueous solvents, may be used in order to obtain an acceptable active ingredient sus- 
pension and also to allow proper coating or association of the active ingredient with the anphiphile. For exanple, an 
aqueous-organic mixture such as PBS-chlorotorm may be enptoyed where spray drying of the amphiphile-acttve ingre- 
dient mixture is to be performed. Similarly, an aqueous-organic mixture may be used where a two phase amphiphile 
coating process is desired. 

The choice of amphiphile to be used in a particular formulation will depend on a variety of considerations. The 
desired association between the amphiphile molecules and the active Ingredient arises due to specific interactive forces 
between the polar portion of the amphiphilic molecules and the active ingredient as distinct from simple miscibility or 
solubility of the active ingredient in the amphiphile. Such forces may, for example, be in the nature of ionic or electro- 
static bonding between the amphiphile and the active ingredient, covalent bonding, hydrogen bonding, chemisorptive 
forces or physisorptive forces. The nature of the association between magnetite and such ionic or non-ionic amphiphiles 
as fatty adds or fatty acid derivatives has been discussed in the literature. In this regard, see Khalafalta et al., IEEE 
Trans. Magnetics . Vol. MAG-16. No. 2. pp. 178-183 (March 1980). In the case of other active ingredients such as 
amphotericin B. it is thought that ionic charges on functional groups in the active ingredient molecule (such as a positive 
charge on the amino group in amphoteracin B) may interact with negatively • charged hydrophilic portion groups on, tor 
example, fatty acids or phosphatidic acid. Covalent linkages between the active ingredient and the anrphiphile may also 
in proper cases be utilized to associate these molecules or particles. 

The choice of a proper amphiphile will depend on considerations of achieving an association with the active ingre- 
dient and in addition on the nature of the nonpdar or hydrophobic portion of the amphiphile. An amphiphile is consid- 
ered to be a molecule having both a hydrophilic portion and a hydrophobic (or lipophilic) portion. An amphiphile suitable 
for use in the present invention will be capable of associating via its hydrophilic portion with an active ingredient as dis- 
cussed above. In addition, the nature of the amplitude should be such that upon asociation with the active ingredient, 
the resultant amphiphile substrate partde (AAS) is compatft}le with, and associated with, the encapsulating layer. This 
association may be in the nature of "solubilization" of the AAS within an amphiphile-associated substrate-encapsulating 
material, as illustrated for example in FIGS. 2 and 3. Alternatively, this association may result from hydrophobic or 
lipophilic interactions between the hydrophobic portions of the AAS and the encapsulating material, as illustrated for 
example in FIG. 4. This associative interaction is distinct from, for example, the use of a phospholipid-immiscible mate- 
rial containing an active ingredient which forms a phase that is immiscible with the encapsulating layer, as described in 
Sears et al., U.S. Patent No. 4.298.594. 

The hydrophilic portion of the amphiphile may be a charged or uncharged group induding, by way of exanrple, car- 
boxylic. hydroxyl, amino, phosphate, or sulfate groups. The hydrophobic portion of the amphiphile may include, by way 
of exannple, saturated and unsaturated aliphatic hydrocartxm groups, induding pdyoxyethylenes, and aliphatic groups 
substituted by at least one aromatic and/or cydoaliphatic group. 

Specifically preferred amphiphiles are the fatty acids, as discussed below. These may be either naturally-occumng 
or synthetic fatty adds, as well as derivatives thereof. Other appropriate amphiphiles may include certain phospholipKls 
and compounds related thereto including, for exanple. phosphatidylethanolamines (cephalines). phosphatidic adds, 
phosphatldylserines. phosphatidylinositols, phosphatidylglycerols, diphosphatidylglycerols (cardiolipins), plasmalo- 
gens. lysophosphoglycerides, and saturated synthetic forms of the toregoing. Other appropriate non - phospholipid 
amphiphiles may indude di - and triglycerides, hydrophobic -substituted -alcohols, -amines, -phosphates and -sulfates, 
alkyi ether acylglycerols, glycosylacyiglycerols, sphingolipids induding the sphingomyelins, glycosphingolipids includ- 
ing the cerebrosfdes. phytols. retinols, and vitamins such as Vitamins A. K, E and D. 
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Fatty acids and fatty acid derivatives are among the preferred amphif^iles for use in the present invention. The 
hydrocarbon chain nnay be either saturated or unsaturated. The length of the hydrocarbon chain in a fatty acid or other 
amphiphile may be optimized to enhance the ability of the outer btoconrpatible material to encapsulate the amphiphile- 
active ingredient structure. This in turn may depend on the nature of the hydrophobic portion of, for exanrple, a phos- 
pholipid encapsulant. In addition, the overall size of the amphtphile-active ingredient structure will depend on the nature 
of the amphiphile and will affect the ability to achieve a final delivery vehicle of a desired structure (see FIGS. 2 through 
4 and the discussion atx^ve relating thereto). 

One preferred amphiphile in the present invention is the groups of fatty acids having hydrocarbon chains of from 
about 10 to about 28 cartjons. Particularly preferred are fatty adds with 1 4 to 24 cartjons. Where the outer encapsulat- 
ing material compr^es phospholipids such as distearoytphosphatidylchoiine and cholesterol and the active ingredient 
is magnetite, tetradecanoic acid (14 carbons), palmitic acid (16 carbons), docosanoic ackl (22 cartx>ns) and tetracosa- 
noic acid (24 cartx)ns) are especially pretended. In practice, shorter amphiphiies such as tetradecanoic acid and palmitic 
acid may be preferable from the standpqint of non-toxicity. Palmitic acid is also preferred for the active ingredient 
amphotericin B. Phosphatidic acids having saturated or unsaturated hydrocart)on chain lengths of from about 10 to 
about 20 carbons (two chains per molecule), and in particular 16 to 18 caibons. are especially preferred amphiphiies 
for amphotercin B. Anrphphiles having positively-charged polar groups would be particularly useful where the active 
ingredient may be negatively-charged or is electron-donating. 

Association of the amphiphile with the active ingrediertt may be achieved by known methods including ball milling, 
homogenization and sonication. In the case of solution phase sonication or other methods where it is desirable to opti- 
mize the concentration and amount of amphiphile to be combined with a given amount of active ingredient, an optimum 
concentration may initially be estimated by comparing the aggregate surface area of the active ingredient to be treated 
with the steric size of the amphiphile as it occupies a portion of the active ingredient surface. In practice, a range of 
amphiphile concentrations may be acceptable. Experiments have shown that a maximization of the concentration of 
active ingredient in the f inal delivery vehicle preparation may in fact depend on optimizing the initial amphiphile concen- 
tration. FIG. 5 shows a broad peak in NMR Tg relaxation rate enhancement associated with magnetite delivery vehicles 
of the present invention occumng at an Initial palmitic acid concentration of around 6 mg of palmitic add per 2.5 ml of 
starting magnetite dispersion. Similar optimization may be achieved for other formulations of the present invention. 

Sonication of active ingredients, amphiphile, and biocompatible outer layer materials may be performed with, for 
example, an Ultrasonics, Inc- probe with a microtip at a power of about 50 W to 90 W. Satisfactory sonteation generally 
can be achieved in about 15 minutes. The sonication tenperature preferably should be above the melting temperature 
or phase transition tenperature range of the amphiphile. 

After sonication of the active ingredient with the amphiphile. an aipropriate encapsulating layer may similarly be 
added with the aid of sonication or other methods known in the art to achieve a biocompatible delivery vehicle. Partic- 
ularly preferred in the present invention as biocompatible materials are phospholipids and (H^iospholipid-cholesterol mix- 
tures. Appropriate phospholipids may be used singly or in combination, and include both naturally-occurring and 
synthetically-prepared phosphatidylcholines, phosphatidic acids, phosphatidyiserines, phosphatidyiethanolamines, 
phosphatidylglycerols and phosphatidylinositols. Phospholipid materials may be obtained in naturally-occurring form, 
as derived tor example from purified egg yolk, or they may be of synthetic form, as for example with saturated synthetic 
hydrocarbon skile chains. Sterols, sterol esters or other materials including cholesterd, chotestanol, chotestane. toco- 
pherol and the like may also be included in the encapsulating layer to inaease the stability of the delivery vehide or to 
modulate membranal permeability. Cholesterol is particularly preferred for this purpose. 

In particular, mixtures of distearoytphosphatidylchoiine (DSPC) and cholesterol (CHOL) are preferred materials for 
delivery vehicle encapsulation. Mixtures in the ratio 2:1 (DSPC:CHOL) are effective in the present invention. Other pre- 
ferred phospholpids include dipalmitoyiphosphatidyfoholine (OPPC), dimyristoylphosphatidyfohoiine (DMPC) and other 
phospholipids having about 10 to afcjout 20 carbons in their hydrocarbon chains. 

The concertration and amount of phosptK>lipid to be used in a particular formulation may vary significantly white 
still obtaining a satisfactory final composition. Typical concemrations are given in tiie examples discussed herein. Son- 
ication may be carried out under the same conditions as emj^oyed for the amphiphile. The mixture may tiien be centri- 
fuged for about ten minutes at about 16.000 g and tiie supernatant filtered to yield a solution containing a composition 
of the present invention. 

It is anticipated that the surface of the delivery vehide may be nrodif led to provide an altered in vivo biodisti-ibution 
profile, in much the same way as liposome surfaces are altered. Such modification may, for example, consist of attach- 
ment of monoclonal antibodies or of ligands witii specific binding properties, or the incorporation of glycoltptds. Such 
modifications are described in Schmidt (Ed), liposomes as Drug Carriers (Symposium Tubingen. October 1984. Georg 
Thieme Verlag (Stuttgart: 1986), Ostro (Ed.), Liposomes. Marcel Dekker. Inc. (New York: 1983) and Qregoriadis (Ed.), 
Uposonr^e Technology. Volume III, ORC Press, Inc. (Boca Raton. Florida: 1984). 

The delivery vehkiles of the present invention may be administered using techniques well known in the medical art, 
including injectfon (iv., i.p. or i.m., for example), inhalation, oral adn^nistration. topical administration, intraocular admin- 
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istration and the like. Appropriate dosages may also be determined using known animal and clinical testing procedures, 
including biodistribution studies on tissue samples as described herein. 

EXAMPLE 1 

Preparation of Magnetite de livery vehicles 

25 ml aliquots of 15 mg/ml magnetite in PBS were sonicated (80 W) with varying amounts of palmitic acid (2.4 mg 
to 10 mg) at 66*'C for 15 minutes. The resulting suspensions were then sonicated under the same conditions, with 46 
mg of a ^^C and radtolabelled 2:1 DSPC:CHOL lipid film. The product suspension was centrifuged for 1 0 minutes at 
15600 g and the supernatant was passed through a 220 nm filter. The final suspensions ranged In appearance from 
milky white (2.4 mg palmitic acid) - - similar to 2:1 DSPC:CHOL small unilamellar vesicles ■ - to dear golden browvn (6 
mg acid). The intensity of coloration reached a maxin^m at 6 mg of palmitic add. a gradation of color being found 
increasing to the maximum and decreasing, to white, at higher palmitic acid concentrations. The darity of the solutions 
followed a similar trend. 100 Mi aliquots of the solutions were diluted with 10 ml of a suitable solvent and the lipid con- 
centration was determined using a scintillation counter to quantify the radiolabels. On the basis of the concentrations 
so determined, a 2 mg/ml lipid dilution of each solution was prepared. An IBM Minispec PC/20 was then employed to 
measure Tg relaxation times of these dilutions. The results are shown in Table 1. 



TABLE 1 



Palmitic Acid (mg) 


T2(msec) 




2.4 


162 


6.2 


3.6 


70 


14.3 


4.8 


60 


16.7 


6.0 


46 


21,7 


7.2 


92 


10.9 


10,0 


173 


5.8 



The procedure above was repeated using 5, 10. 15, 20 and 50 mg/ml magnetite in PBS. The Tg relaxation rates as 
a function of the amount of palmitic acid are plotted in FIG. 5. 

Samples corresponding to 10 mg/ml nriagnetite were analyzed for Iron as follows: a 1 DO pi aliquot was heated, with 
agitation, for 30 minutes at 65X, wrth 900 nl 0. 1 M HNO3. 1 00 pi 5M NH4 SCN and 1 .4 ml heptanol. Following oxidative 
solubilization of the iron present bright red Fe(SCN)4 - formed in the aqueous phase which was then completely 
extracted into heptanol, as Fe(SCN)3. Absorbance of the heptanol solution at 498 nm was used to quantitate the 
Fe(SCN)3 using a molar extinction coeffident determined with FeCIa standards. Heptanol is necessary for acid cata- 
lyzed esterification and extraction of palmitic acid which otherwise remains bound as a protective hydrophot>ic coating 
on magnetite partides. FIG. 6 shows the correlation between Tj relaxation rates {I/T2) and iron concentration, with nor- 
malization of the latter to constant lipid concentration. 

EXAMPLE 2 

Preparation of Maonetite delh/ery vehi des - • spray - drying method 

1 2 mi of 250 mg/ml magnetite suspension was made up to 30 ml with PBS and then sonicated with 1 2 wt/wt% pal- 
mitic acid (i.e. 360 mg) in 5 ml chloroform. The resulting suspension was spray dried at 200*'C to yield a magnetite 
amphiphile-associated substrate (MS) material as a black powder. 50 my of this magnetite AAS was sonicated in 5 ml 
PBS to disperse the powder and the resulting suspenston was sonicated with 92 mg 2:1 DSPC:CHOL under previously 
described conditions. After centrifugation and 220 nm filtratkjn a dear golden brown solution was obtained. 
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EXAMPLE 3 

Preparation of magnetite delivery vehicles - - Two ■ Phase method 

5 Preparation of the intermediate magnetite AAS was also achieved using a two - phase method. 19.6 mg palmitic 
acid was dissolved in 2 ml chloroform and this solution was gently sonicated In a cold water bath, for 15 minutes, with 
5 ml PBS containing 62.5 mg magnetite. The resulting nr^xture was centrifuged to yield a lower organic phase covered 
by a precipitate of magnetite AAS in the upper aqueous phase. The chloroform was removed by pipetting it off and then 
bubbling dry nitrogen gas through the aqueous phase and the precipitate. Following redispersion of the AAS by sonica- 

w tion. it was further sonicated with 92 mg 2:1 DSPCrCHOL, centrifuged and filtered as in previous examples. The solu- 
tion obtained after filtration appeared dense black, although when viewed as a thin film it was a clear dark chocolate 
brown color. Analysis for iron yielded greater than 3.6 mM magnetite (Fe304). Dilutions of this solution, in PBS. by fac- 
tors of 40. 100 and 250 yielded relaxation rates as shown in Table 2. 

75 

TABLE 2 



Dilution 


T2(msec) 


I/T2 enhancement (seC^) 


1:250 


15 


66 


1:100 


6 


166 


1:40 


<4 


>250 


control 


1850 


0 


Note: I/T2 (enh) = I/T2 (obs) - in'2 (control); i.e., rate 
enhancement = observed rate minus control rate. 



EXAMPLE 4 
30 MRl T£ contrast 

Delivery vehicles containing magnetite obtained by the method of Example 1 above was tested for " in vivo " effects 
on tissue relaxation times. From 5 mg palmitic add. 2 ml of 5 mg/ml magnetite in PBS and 40 mg 2:1 DSPC:CHOU a 
golden brown solution containing 17.5 mg/ml of lipid was obtained. A 2.5:1 dilution of this solution with PBS was also 
35 prepared. E!WT6 tumor tissue was transplanted subcutaneously into the flank of male Balb/c mice and allowed to grow 
for 10 days. On the tenth day, mice were injected i.v. with 200 p\ of solubilized magnetite solution or control buffer. Mice 
were saaif iced 24 hours later and tissue samples were excised, rinsed in PBS. blotted, weighed and sealed in plastic 
bags. NMR relaxation times were then measured for the excised tissues. The results are presented in Table 3 and 
clearly demonstrate enhanced relaxation rates (observed rate minus control rate), with Tg being more affected than T^ 



TABLE 3 



Rate enhancements-^biodistribution data 


A(T2^)(s-^): 


Uver 


Tumor 


Spleen 


1 7.5 mg/ml 
7.0 mg/ml 


4.44 

2.16 


4.64^ 
2.40 


9.23 
6.78 


A(Ti-i)(s-i): 


Liver 


Tumor 


Spleen 


1 7.5 ntg^I 
7.0 mg/mi 


0.50 
0.30 


0.44 
0.38 


0.43 
0.48 



*mean of 5.75, 3.53 



55 
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EXAMPLE 5 

Time Course Of Biodisthbution Of Magnetic Delivery Vehicles 

5 Delivery vehicles containing magnetite were prepared according to the method of Example 1 using 5 m! of 8 mg/ml 
magnetite in PBS, 12 vnQ palmitic acid and 104 mg 2:1 DSPC:CHOL lipid film. Groups of three tumor-bearing female 
Balb/c mice were intravenously injected with a control solution. 200 jil PBS (one group) or 200 n) of ragnetite solution 
(three groups). Magnetite-bearing animals were sacrificed at 4. 16 and 24 hours after injection; the control group was 
sacrificed 27 hours post injection. Tissues were removed immediately and T2 and relaxation times were determined 

10 at 38^C using an IBM Minispec 20. The mean tissue relaxation rates (I/T2 and l/T^) are shown in FIGS. 7 and 8 as a 
function of time for each tissue, with control values at t = infinity. It is clear that the magnetite delivery vehicles are 
rennoved from bloodstream over a period of hours, which contrasts markedly with ntagnetite particles (with or without 
coatings) that are typically eliminated from the blood in approximately 5 minutes. 

15 EXAMPLE 6 

Dose P^endence Of Tissue Relaxation Times 

Delivery vehicles containing magnetite prepared as in Example 1. were diluted 50:1 in PBS, 0.80 jim (micron) and 
20 0.22 urn (micron) filtered and then concentrated by ultra-filtration to yield a final solution containing 8 mg/ml DSPC (as 
determined by HPLC assay). Varying doses of this solution, and 200 of a control PBS solution, were injected iv. into 
tumor bearing Balb/c mice. At 24 hours post-injection, tissues were removed and their T2 and T-, relaxation times were 
determined. The dose dependences of l/Ta and of I/T1 are shown in FIGS. 9 and 10. A significant l/T^ enhancement 
is only found where intact magnetite particles are present, since dissolution of magnetite removes the cooperative inter- 
ns actions between the magnetic monnents of iron atoms. Solubilized magnetite is expected to give a I/T1 increase as the 
paramagnetic iron species is in solution (a small l/Tg inaease is also possible). Tumor results in FIGS. 9 and 10 sug- 
gest that at low doses ail the magnetite arriving at the tumor is solubilized but at higher doses the mechanism for solu- 
bilizing the particles is saturated and intact particles cause T2 relaxation enhancement. There is no significant T^ 
enhancement for liver and Wood although T2 enhancement is observed; this is consistent with intact particles. For the 
30 spleen, the form of the dose-deperxJence suggests some dissolution of particles, without saturation of the mechanism 
for solubilizing them. 

EXAMPLE 7 

35 P re f erre d R ang e Of Fatty Add Amphiphiles 

Magnetite-containing delivery vehicles were prepared by the nriethod of Example 1 using equimolar quantities of a 
range of different fatty acids containing from six to 24 carbon gXows. In each case a magnetite AAS was prepared by 
sonicating the fatty acid at SS'^C with 5 ml 8 mg/ml magnetite in PBS and subsequently sonicating at 25°C with 100 mg 
40 2:1 DSPC:CHOL lipid film. Delivery vehicles containing magnetite were produced in each case, as evidence by solution 
coloration and by the enhanced Tg relaxation rate found for various dilution in PBS. Representative results are shown 
in FIG, 11. 

EXAMPLE 8 

45 

Range of Phosphplipicl Compositigns 

Delivery vehicles containing magnetite were prepared using the method of Example 1 with 5 ml of approximately 8 
mg/ml magnetite in PBS and approximately 12 mg of palmitic acid. Final sonication. at 65°C. was carried out with equi- 
50 molar amounts of lipid f am. the composition ranging from 1 :1 DSPC^JHOL to 3:1 DSPC:CHOL. The molar amount of 
lipid was equivalent to 100 mg 2:1 DSPC:CHOL The final solution Tj relaxation rates (Rg.) at 10:1 dilution in PBS are 
listed in Table 4. 



TABLE 4 



DSPC:CHOL 


R2(sec'^) 


1:1 


23.8 
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TABLE 4 (continued) 



DSPC:CHOL 




1.5:1 


23.3 


2.0:1 


29.4 


2.5:1 


10.0 


3.0:1 


6.8 



EXAMPLE 9 

Delivery vehicles containing magnetite were pr^ared by the method of Example 1 from 5 ml of 8 mg/ml magnetite 
solution in PBS and a total of 12 mg docosanoic (behenic) acid. A range of temperatures was employed in the final son- 
ication step, demonstrating that the entrapment efficiency tor nnagnetite is temperature dependent. The relaxation rate 
of a 10:1 dilution of final solution increased with decreasing temperature of sonicatlon. Thus, for a nominal SS^C soni- 
cation (measured final temperature 74**C), Rg was found to be 1 .4 sec'\ increasing to of 27.8 sec'^ for 25'*C nominal 
(45'*C final measured tennperature). A further increase of R2 to 31 .3 sec-"* was noted in final sonication in an iced water 
bath^ (below 5**C). the measured temperature on completion being 41 '^C. However, in this latter case difficulty of filtra- 
tion through a 0.22 ^m filter of the final product was observed. 

EXAMPLE 10 

Preparation of Amphotericin B delivery vehicles 

5 mg of amphotericin B. an antifungal agent, was sonicated in 5 ml of 10 mM tris-HCI-buffered (pH 7.4) 5 wt/wt% 
dextrose solution to generate a dispersion of the insoluble drug. This dispersion was subsequently sonicated with 15 
mg palnnitic acid and then with 40 mg of 2:1 DSPC:CHOL. The suspension produced was centrifuged at 18000 g for 15 
minutes and the supernatant was 220 nm filtered, yielding a clear yellow solution. Spectrochemical analysis for ampho- 
teracin B. by absortjance at 405 nm (E « 1 .309 x 10® M cm"^). of a 1 :100 dilution of the solution in methanol yielded a 
value of 0.4 mg/ml corresponding to 40% incorpaation of starting material. 

EXAMPLE 11 

Preparation and Analysis of Miconazole Delivery Vehicles 

Miconazole (1-[2,4<lichloro-^[(2,4*dichlorobenzyl)oxy]phenethyf] imidazole nitrate) is an antifungal agent of con- 
siderable potency. Its utility, however, is somewhat limited by aqueous solubility and in vivo toxicity and delivery prob- 
lems. 10 mg miconazole was dispersed in 5 ml 10 mM Tris-HCI buffered 5% dextrose solution by room temperature 
probe sonication for 5 minutes. 10 mg distearoylphosphatidic acid (DSPA) was added to this suspension and the mix- 
ture was sonicated at SS^'C tor 15 minutes yielding a white miconazole AAS suspension. This in turn was added to 120 
nr>g of 2:1 OSPC:Chol lipid film, followed by sonication for 15 minutes at 65**C. The resulting solution was centrifuged at 
1 2500 rpm for 1 5 minutes and successively filtered through 0.45 \im and 0.22 jim filters. The final solution was assayed 
spectrophotometrically tor miconazole by evaporation to dryness under rec&iced pressure. DMF extraction and subse- 
quent UV absorbance measurement at 273 nm. The assay revealed greater than 95% drug entrap ■ ment. The in vitro 
efficacy of the final solution was tested by growth inhibition of Candida Albicans using absorbance at 425 run to monitor 
C. Albicans concerrtration in a grcMVth medium. FIG. 12 shows the 425 nm absort}ance (relative to initial absorbance) 
as a function of time for three identical aliquots of C. Albicans culture treated with 100 pg/ml free drug, 100 fig/mt lipo- 
somal miconazole and no miconazole. This figure clearly demonstrates that free and liposomal miconazole inhibit in 
vitro growth equally well. 

EXAMPLE 12 

Prffiaratign pf Bi§anthrgne Peliyery Vfihigles 

Bisanthrene (9.1 0-anthracenedicarbCKaldehyde-bis-[4,5-dihydro-1H-imidazol-2-yl)-hydrazonel-di hydrochloride) is 
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a potent chenx}therapeutic agent that is soluble in acidic aqueous solution. In the bloodstream, however, the drug is 
insoluble and precipitates out with toxic consequences. An aqueous solution of the dihydrochloride salt of bisanthrene 
(20 mg of drug in 5 ml distilled water) was made alkaline by the drc^ise addition of concentrated (1 M) sodium hydrox- 
ide solution, resulting in the precipitation of the insoluble free base. This precipitate was ranoved by centrifuging and 
washed with PBS until the pH of the PBS suspension of the drug dropped to approximately 7.4. The total volume of the 
suspension was adjusted to 5 mi. tt was then sonicated wfth 4 mg of palmitic acid. Sonication was can-ied out for 
approximately 5 minutes at 65'*C and resulted in a pale yellow bisanthrene MS formation (analogous to magnetite AAS 
formation). The bisanthrene AAS was resuspended in 5 ml PBS and sonicated at 65*'C for 1 5 minutes at 80 W with 100 
mg 2:1 DPSC:CHOL lipid film, yielding a cloudy yellow-white solution, TTiis solution was 0.22 nm-filtered yielding deliv- 
ery vehicles containing bisanthrene. the presence of the drug being evidenced by solution coloration. 

EXAMPLE 13 

Preparation and Analysis of Cisplatin Pelivery Vehicles 

Cisplatin (cis-diamminedichloroplatinum (II)) is a well-estaWished chemotherapeutic agent that suffers the disad- 
vantages of major clinical toxicity, particularly nephrotoxicity. 10 mg cispiatin was dissolved/suspended in 2 ml of 5% 
dextrose solution by probe sonication at 80 W for 2 minutes at 65'*C. Some cisplatin dissolved, while the remainder 
became suspended in the solvent. After addition of about 12 mg dipalmitoyi phosphatidic acid (DPPA). the suspension 
was resonicated at 65**C and 80 W for 10 minutes, generating a blue-colored cisplatin- AAS material from an initially yel- 
low solution and suspension. The AAS suspension was diluted to 5 mt with 5% dextrose solution and sufc>sequently son- 
icated at 25*C with 100 mg 2:1 DSPCrCHOL Following centrifugation at 12500 rpm for 5 minutes the product solution 
was 0.22 ^m filtered yielding a solution, similar in appearance to small unilamellar vesicle solutions, which was pate yel- 
low to transmitted light and blue-tinted when viewed by scattered light Analysis for total platinum in the final solution 
was carried out by 2:1 complex fomnation with diettrylthiocarbamate and UV absorbance measurement, at 254 nm, of 
the chloroform extract of this solutiwi. The final platinum concentration in 5 ml solution was determined to be 0.66 
mg/ml, corresponding to about 51% drug entrapment. Incorporation of the drug into the delivery vehicles of the inven- 
tion was demonstrated by chromatography on a Sephadex® G50/80 column, on which the solution migrated as a single 
band. 

Claims 

1 . A delivery vehicle for an active ingredient, said delivery vehicle having a size from 20 nm to 1 00 nm in diameter and 
comprising a lipid material enclosing an amphiphile-associated substrate in the essential absence of a solution- 
phase inner volume, which includes: 

an active ingredient phase, 

an amphiphilic material capable of associating with said active ingredient and having a polar hydrophilic portion 
and a lipophilic portion, said polar hydrophilic portion of said amphiphilic n^aterial being associated with said 
active ingredient phase to form the said amphiphile^ssociated &ut>strate; and 

a single, bioconpatibte encapsulating niKxiolayer surrounding the said amphiphile-associated substrate, com- 
prising molecules having lipophilic tails associated vtrith the lipophilic portion of the anrphiphile-associated sub- 
strate. 

2. The delivery vehicle of claim 1 wherein said active ingredient comprises a material selected from diagnostic agents 
and therapeutic agents. 

3. The delivery vehicle of any one of the preceding claims wherein said anrtphiphiltc material comprises at least one 
of fatty acids, phosphatidyl glycerols, phosphatidic acids, digtycerides, triglycerides, hydrophobic substituted alco- 
hols, amines, phosphates and/or sulfates. 

4. The delivery vehicle of claim 3 wherein said amphiphilic material , comprises a fatty acid or a phosphatidic acid. 

5. The delivery vehicle of claim 4 wherein said amphiphilic material conr^rises a fatty acid having a lipophilic portion 
aliphatic chain of from 10 to 28 carbons in length and/or a phosphatidic acid having a lipophilic portion aliphatic 
chain or chains of from 10 to 28 carbons in length. 

6. The delivery vehicle of any one of the preceding claims wherein said hydrophilic portion comprises a cartx)xyiic,. 
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hydroxy!, amino, phosphato or suHato group. 

7. The delivery vehicle of claim 6 wherein said lipophilic portion comprises an aliphatic hydrocarbon, cycloaiiphatic 
hydrocarbon, aromatic-substitijted aliphatic hydrocarbon, cycloaliphatic-substituted aliphatic hydrocaibon or poly- 
oxyethylene group. 

8. The delivery vehicle of claim 6 or 7 wherein said lipophilic portion conprises an aliphatic chain of from 1 0 to 28 car- 
bons in length. 

9. The delivery vehicle of any one of the preceding clainns wherein said biocompatible encapsulating monolayer com- 
prises a phospholipid material. 

10. The delivery vehicle of any one of the preceding claims wherein said delivery vehicle has a size of from about 35 
nm to about 100 nm in diameter. 

11 . The delivery vehicle of claim 10 wherein said delivery vehicle has a size of from about 50 nm to about 80 nm in 
diameter. 

1 2. The delivery vehicle of any one of the preceding claims wherein said amphiphilic material conprises fatty add hav- 
ing an aliphatic chain of from 12 to 18 carbons in length, fatty acid having an aliphatic chain of from 22 to 24 car- 
bons in length, and/or a phosphatidic acid having an aliphatic chain or chains of from 12 to 18 carttons in length, 
and wherein 

said biocompatible encapsulating nx)nolayer comprises a phospholipid material comprising an aliphatic chain 
or chains of from 10 to 20 carbons in length. 

13. Tbe delivery vehicle of claim 12 wherein said amphiphilic material comprises at least one fatty acid selected from 
lauric add, myristic add, palmitic add, stearic acid, oleic add, docosanoic add, tetracosanoic add. dinr>yristoyl- 
phosphatidic acid, dipalmitoylphosphatidic acid, and distearoylphosphatidic add. and wherein 

said phospholipid nraterial comprises a phosphatidylcholine having a lipophilic portion aliphatic chain or chains 
of from 10 to 20 cartx)ns in length. 

14. The delivery vehide of any one of the preceding claims wherein the amphiphilic material comprises lauric add, 
myristic add. or palmitic acid and said biocompatible encapsulating monolayer comprises a mixture of cholesterol 
and a phosphatidylcholine selected from dimyristoylphosphatidylcholine. dtpalmitoylphosphatidylcholine and dis- 
tearoylphosphattdylchdine. 

1 5. The delivery vehide of any one of the preceding daims wherein the active ingredient is magnetite. 

16. The delivery vehide of any one of claims 1 to 14 wherein the active ingredient is a therapeutic agent. 

17. The delivery vehicle of claim 16 wherein said therapeutic active ingredient connprises an antineoplastic agent. 

18. The delivery vehicle of claim 17 wherein said antineoplastic agent is bisanthrene or cisplatin. 

19. The delivery vehide of claim 16 wherein said therapeutic active ingredierrt comprises an antifungal agent. 

20. The delivery vehide of claim 19 wherein said antifungal agent is amphotericin B or miconazole. 

21. A process for preparing a delivery vehide as defined in any one of the preceding daims which conrprises 

forming an association between the active ingredient phase and the amphiphilic material in an aqueous phase 
to form an amphipNle-assodated substrate wherein the polar hydrophilic portion of the amphiphilic material is 
associated with the active ingredient, and 

encapsulating said amphiphile-assodated substrate within an encapsulating nwnolayer comprising molecules 
having lipophilic tails associated with the lipophilic portion of said amphiphile-associated substrate so as to 
endose the amphiphile-assodate sutstrate in the absence of a solution-phase volume Inside said monolayer. 
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22. A delivery vehicle according to any one of claims 1 to 20 for use in a method of treatment of the human or animal 
body by therapy or surgery or in a diagnostic method practiced on the human or animal body 

23. A delivery vehicle accoiding to claim 15 for use in a method of raiclear magnetic resonance imaging practiced on 
the human or animal body. 

24. A delivery vehicle according to daim 1 7 on 8 for use in a method of treatment of neoplastic disease in the human 
or animal body. 

25. A delivery vehicle according to daim 19 or 20 for use in a method of anti-fungal treatment practiced on the human 
or animal body. 

PatentansprOche 

1. Aggabe/ehikel fur einen aktiven Bestandteil. w<*ei das Abgabevehikel eine GrOBe von 20 nm bis 100 nm im 
Durchmesser besttzt und ein Upid-Material umtaSt, das ein amphiphil-assoziiertes Substrat einschlieRt, wobei ein 
inneres Vdumen aus einer Lfisur^gsphase im wesentlichen abwesend ist. das umfaBt: 

eine Phase des aktiven Bestandteils, 

ein anphiphiles Material, das zur Assoziierung mit dem aktiven Bestandteil fahig ist und einen polaren hydro- 
philen Teit und einen lipophilen Teil besitzt, wobei der polare hydrophile Teil des amphiphilen Materials mit der 
Phase des aktiven Bestandteils assoziiert ist, urn das amphiphii-assoziierte Substrat zu bilden; und 

eine einzelne, biokompatible einkapselnde Monoschtcht. die das amphiphii-assoziierte Substrat umgibt, und 
Molekule umfafit. die lipophile Schwdnze besitzen, die mit dem lipophilen Teil des anphiphilassoziierten Sub- 
strates assoziiert sind. 

2. Abgabevehikel nach Anspruch 1, dadurch gekennzeichnet, daB der aktive Bestandteil ein Material umfaBt. ausge- 
wahlt aus diagnostischen Wirkstoffen und therapeutischen Wirkstoffen. 

3. Abgabevehikel nach einem der vorhergehenden Anspruche. dadurch gekennzeichnet, daB das amphiphile Mate- 
rial mindestens ein solches umfaBt aus FettsAuren, Phosphatidylglyzerinen, Phosphatidsduren, Diglyzertden. Tri- 
glyzerkJen, hydrophob substituierten Alkoholen, Aminen, Phosphaten/oder Sutfaten. 

4. Abgabevehikel nach Anspruch 3, dadurch gekennzeichnet, daB das amphqDhile Material eine Fettsfiure Oder eine 
Phosphatidsdure umfaBt. 

5. Abgabevehikel nach Anspruch 4. dadurch gekennzeichnet, daS das amphiphile Material eine Fettsaure umfaBt, die 
als lipophilen Teil eine aliphatische Kette mit einer Lange von 10 bis 28 Kohlenstoffatomen besitzt und/oder eine 
Phosphatidsaure. die als lipophilen Teil eine aliphatische Kette oder Ketten mit einer Lange von 10 bis 28 Kohlen- 
stoffatomen besitzt. 

6. Abgabevehikel nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daB der hydrophile Teii eine 
Cart>oxyl-, Hydroxyl-, Amino-, Phosphat- Oder Sutfatgruppe umfaBt. 

7. Abgabevehikel nach Anspruch 6, dadurch gekennzeichnet, daB der lipophile Teil eine aliphatische Kohlenwasser- 
stoff-, cydoaliphatische Kohlenwasserstotf arormtisch-substituierte aliphatische Kohlenwasserstoff-, cydoalipha- 
tisch-substituierte aliphatische Kohlenwasserstoff- oder Polyoxyethylen-Gruppe umfeBt. 

8. Abgabevehikel nach Anspruch 6 oder 7. dadurch gekennzeichet. daB der lipophile Teil eine aliphatische Kette mit 
einer Ldnge von 10 bis 28 Kohlenstoffatomen umfaBt 

9. Abgabevehikel nach einem der vorhergehenden AnsprOche. dadurch gekennzeichnet, daB die biokompatible ein- 
kapselnde Monoschicht ein Phospholipid-Material umfaBt. 

10. Abgabevehikel nach einem der vorhergehenden AnsprQche, dadurch gekennzeichnet. daB das Abgabevehikel 
eine GrOBe von ca. 35 nm bis ca. 100 nm im Durchmesser besitzt. 
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